ficiency of the Baermann funnel method for PWN using several extraction times and temperatures. He found that the PWN-extraction efficiency of the Baermann funnel method after 2 days of immersion in deionised water was 70-80% and extraction was not affected by temperatures between 10 and 25°C (Mamiya, 1975) . However, Mamiya (1975) estimated PWN-extraction efficiency of the Baermann funnel method by an indirect method. In this study, we used staining with fluorescein-conjugated wheat germ agglutinin (F-WGA) to detect individual PWN directly in pine trees after extraction, and to define the extraction efficiency of the Baermann funnel method (Komatsu et al., 2008; Son et al., 2010) .
On 4 June 2008, about 10 000 PWN (S-10) suspended in 50 μl of deionised water were inoculated onto the top of the cross-cut surfaces of three current-year stem cuttings (6 mm average diam.) and three 1-year-old stem cuttings (9.5 mm average diam.). Each stem cutting was 20 cm long and excised from 3-year-old Pinus thunbergii Parl. seedlings grown in a nursery at the Tanashi Experimental Station, University of Tokyo. After inoculation with PWN, all the stem cuttings were incubated at 28°C for 7 days under humid and dark conditions. The three currentyear stem cuttings were then chopped into small pieces and randomly assigned to the three following groups: control, PWN extraction over 1 day, and PWN extraction over 2 days. The sizes of chopped pine pieces varied but were limited between half stem diam. and stem diam. (6 mm in the current year stem diam. and 9.5 mm in 1-year-old stem diam.) in transverse direction and around 3 mm in axial direction. In other words, the cut pieces looked like a pencil shaving with an obtuse angle (fanshaped) or a cylinder of about 3 mm thick. The sizes of the chopped pine pieces were similar to those used by Mamiya (1975) who used an 18 mm drill bit to make small wood samples for extraction. The chopped pine pieces in the control group were fixed with FAA (1.85% formalin, 5% acetic anhydride, 63% ethanol in distilled water) and no extraction was performed. The pieces in the other two groups were immersed in funnels containing deionised water (in one group for 1 day and the other group for 2 days) for PWN extraction. Thereafter, chopped pine pieces were fixed with FAA after PWN extraction. The three 1-year-old stem cuttings were processed by the same method as current-year stem cuttings. The fixed samples were processed to prepare thin paraffin sections and stained with 0.01 mg ml −1 F-WGA (Sigma-Aldrich) as described by Son et al. (2010) . All chopped pine pieces were randomly placed in paraffin blocks. One paraffin block was used for thin paraffin sectioning. Each thin paraffin section (size 256 mm 2 ; 16 mm × 16 mm) contained more than one pine-piece section (up to seven pieces) and four paraffin sections were used for counting PWN for each treatment. The numbers of pine pieces in the four paraffin sections of each treatment are shown in Table 1 . All the PWN individuals in all pine-piece sections in a thin paraffin section were counted directly under an epifluorescence microscope (BX50, Olympus) and a photograph of the thin paraffin section was taken. Thereafter, the area of the total pine 3) The number of chopped pine pieces.
sections in the photographs was measured by using Adobe Photoshop CS4 Extended. The number of PWN in all pine sections in a thin paraffin section was divided by the total area of pine sections in the thin paraffin section. The efficiency of the Baermann funnel method was calculated by comparing the mean number of PWN per pine section area between the control group and the PWN from groups in which extraction was performed; one-way ANOVA and Tukey's honestly significant difference method were used statistical analysis.
In the case of current-year stem cuttings, a mean of 4.86 PWN mm −2 was present in the pine sections of the control group at 7 days after inoculation ( Table 1 ). The chopped branches that were immersed for 1 and 2 days in deionised water for PWN extraction by the Baermann funnel method contained an average of 1.21 and 1.44 PWN mm −2 of the pine sections, respectively. The percentages of PWN remaining in groups in which the pine pieces were immersed for 1 and 2 days were 25% and 30%, respectively, when compared with the number of PWN segments in the control group. There were significant differences (P > 0.05) in results between the control group and the group in which PWN extraction was performed during 1 day of immersion and between the control group and the group in which PWN extraction was performed during 2 days of immersion, but there was no significant difference (P < 0.05) in results between the two PWN-extraction groups.
The 1-year-old stem cuttings that were not subjected to PWN extraction at 7 days of inoculation had an average of 6.66 PWN mm −2 (Table 1 ). The chopped branches immersed for 1 and 2 days in deionised water for PWN extraction by the Baermann funnel method contained an average of 2.88 and 1.58 PWN mm −2 of the pine sections. The percentages of PWN remaining in the groups in which the pine pieces were immersed for 1 and 2 days were 43% and 24%, respectively, when compared with the number of PWN segments in the control group. The average numbers of PWN segments in each treatment were different and decreased with the increase in the extraction time, but there were no significant differences (P < 0.05) between the treatments.
The pine sections of the current-year stems and 1-yearold stems in the control group had an average of 5.76 PWN mm −2 at 7 days after inoculation (Table 1 ). The chopped branches immersed for 1 and 2 days in deionised water for PWN extraction by the Baermann funnel method contained an average of 2.04 and 1.51 PWN mm −2 of pine sections, respectively. The percentages of the PWN
